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Background: Several governments from African countries, including the Democratic Republic of the Congo (DRC), implemented stringent public health measures to curb COVID-19 transmission in the early phases of the pandemic. While these restrictive measures are believed to have contributed to lowering case incidence and related mortality in DRC, data on the population’s knowledge and adherence are limited. This study aimed to assess the knowledge, perception, attitudes, and practices of COVID-19 preventive measures and associated factors among adult residents of Matadi, thereby generating evidence for a strategy adjustment as the COVID-19 response is transitioning from emergency to control status.

Methods: We used data from a population-based cross-sectional study conducted in October 2021. Consenting participants were enrolled through a multi-stage cluster sampling approach and administered a pre-tested structured questionnaire using a mobile application (Epicollect 5). We analyzed adult participants’ data using STATA 15.1. Univariable and multivariable analyses were applied to identify factors associated with good knowledge, good perception, positive attitude and good practice.

Results: We included 1,269 adult respondents for the secondary analysis. One respondent in six was female. The median age was 36 years (IQR 24–50). Most respondents (76.5%) had good knowledge. Respondents aged 40–49 years and those with vocational education level were 1.7 time (AOR 1.75, 95% CI 1.07–2.87) and twice as likely (AOR 2.06, 95% CI 1.01–4.21) to have good knowledge. Preventive measures were perceived as efficient by 45% of respondents. Good perception was associated with education level, profession, average household monthly income and good knowledge. Only 40% of respondents had a positive attitude. A positive attitude was associated with age, education level, and good knowledge. Respondents having good practice represented 5.8%. Good practice was associated with good knowledge, attitude and perception.

Conclusion: Most respondents were knowledgeable, had a good perception of government-related COVID-19 preventive measures, a moderately positive attitude and an extremely low level of good practice. Current COVID-19 preventive strategies, including vaccination rollout, need adjustment into high-efficiency, context-based and risk group-specific interventions. Evidence generated by this study will improve preparedness and response to future outbreaks.
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Introduction

The coronavirus disease (COVID-19) is an emerging disease caused by the severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) (1). As of November 9, 2023, 771,679,618 cases were reported worldwide, including 6,977,023 deaths (2). COVID-19 was declared a global pandemic by the World Health Organization (WHO) in March 2020 (2). Thereafter, several models predicted COVID-19 incidence and mortality would be higher in Africa given the numerous challenges faced by the healthcare systems of most African countries (3). In addition, COVID-19 vaccines, considered from the earliest phases of the pandemic as essential tools for pandemic control, were hardly available to African countries due to poor research and development capacities and vaccine nationalism (4, 5). Governments from several African countries opted for more feasible and less costly preventive measures based on previous experiences dealing with infectious disease outbreaks such as Ebola Virus Disease (6). Therefore, most governments implemented stringent public health measures to contain COVID-19 and curb transmission during the early phases of the pandemic. These measures included partial or complete lockdowns with the closure of international airports, schools and congregation points, curfew, prohibition of mass gatherings, downsizing public and private transport, and non-pharmaceutical interventions (3). The latter included mainly physical distancing, facemask wearing, avoiding crowded areas, frequent handwashing with soap, ventilation of indoor spaces, and teleworking to some extent (7). Altogether, these measures have contributed to lowering COVID-19 case incidence during the early phases of the pandemic in Africa (3). Later, these measures were progressively lifted because of their negative impact on the economy and trade. As a result, SARS-CoV-2 extensively spread, especially with the emergence of highly contagious SARS-CoV-2 variants (8, 9). Particularly, in the Democratic Republic of the Congo (DRC), the lightning of stringent public health measures after the first wave and the spread of the SARS-CoV-2 Beta variant (B.1.351) during the second wave led to a 4-fold increase in seroprevalence between the first and the second epidemic waves (16.6% vs. 76.5%) (10). While implementing restrictive COVID-19 preventive measures seems to have contributed to lowering the incidence of severe COVID-19 and related mortality in DRC (11), data on the population’s adherence to these government measures is scanty (12, 13). Adherence to preventive measures is affected by the population’s knowledge, attitudes, practice and perception (KAPP) (14, 15). Thus, understanding the population’s KAPP helps to identify gaps in the implementation of public health interventions, factors associated with poor adherence, and groups requiring more specific approaches. As the COVID-19 epidemic evolves, there is a critical need to adjust public health interventions into tailored preventive and control measures so as to prepare for future outbreaks.

In DRC, most COVID-19 studies have been conducted in Kinshasa (10, 12, 16, 17), the capital and epidemic epicenter, leaving behind cities such as Matadi in the neighboring Kongo Central province, which has sustained economic exchanges with Kinshasa. Despite the geographical proximity and trade between these two cities, the KAPPs of their respective populations regarding government preventive measures may differ. Matadi residents, including some rural communities, may consider themselves less at risk of infection and adhere less to government preventive measures. Therefore, developing mitigation strategies in Matadi based on evidence generated from Kinshasa could hamper efforts to control the epidemic in the context of limited available resources. This study aimed to assess the knowledge, attitudes, practices, and perception of government-related COVID-19 preventive measures among adult residents of Matadi and to provide insights into associated factors that should be considered to adjust the local response strategies and develop future ones.



Methods


Study design and setting

We used data from a population-based cross-sectional study conducted in Matadi from 16 October to 24 October 2021, after the third wave of the COVID-19 epidemic (11). The primary study aimed at measuring SARS-CoV-2 infection seroprevalence and associated factors. Matadi is the main seaport city of DRC and the political capital of the Kongo Central Province. It is located 352 km from Kinshasa and has an estimated population of 402,397 living in two health districts: Matadi (55%) and Nzanza (45%) (18, 19).



Study population and sample size

The minimum required sample size for the primary study was calculated considering an expected seroprevalence of at least 15%, a precision of 1%, a design effect of 2, and a nonresponse rate of 30% (11). A total of 2,241 participants were enrolled, including 1,602 adult participants (≥18 years of age), using a multi-stage cluster sampling as described elsewhere (11). Only 1,269 (79.2%) of all adult participants agreed to answer questions on government-related COVID-19 preventive measures and were considered for secondary data analysis. The minimum required sample size for the secondary analysis was 384 based on an estimated 50% proportion of adult residents having good knowledge, good perception, positive attitude and good practice toward COVID-19 preventive measures.



Data collection

A structured pre-tested questionnaire was administered to participants using a mobile application (Epicollect 5, Imperial College, London) as part of the primary study. The questionnaire was adapted following recommendations from WHO, the Ministry of Health, and a survey conducted in Kinshasa (12, 20). It included socio-demographic characteristics, current and past medical history, COVID-19 vaccination history, exposure to SARS-CoV-2, and COVID-19-related behavioral characteristics. Additionally, we collected data on participants’ knowledge, attitudes, practices, and perception of government-related COVID-19 control measures on which this secondary data analysis focused. The questionnaire was translated into local languages and administered by trained and experienced surveyors.



Key variables and assessment


Outcome variables


Knowledge of government-related COVID-19 preventive measures

To assess knowledge of government-related COVID-19 preventive measures, study participants were asked whether they knew the following seven measures: curfew, mandatory mask-wearing, quarantine, lockdown, public spaces closure, mass gathering prohibition and limitation of public transportation use. For each assessed measure, one point was assigned when a participant knew the assessed measure, while 0 point was assigned when the measure was unknown or the participant was unsure.



Perception of government-related preventive measures efficiency

Participants’ perception of government-related COVID-19 preventive measures’ efficiency was assessed using four response options, namely “not efficient”, “not sure or undecided”, “somewhat efficient”, “efficient”.



Attitudes toward COVID-19

Participants’ attitude toward COVID-19 was measured by their willingness to get the vaccine and get tested in case they experience flu-like symptoms. We used a zero to four-point Likert scale to assess each component of participants’ attitudes with the following scoring: 0 (not willing), 1 (somewhat not willing), 2 (undecided), 3 (somewhat willing), and 4 (willing).



Practice of government-related COVID-19 preventive measures

To measure the practice of government-related COVID-19 preventive measures, study participants were asked whether they practiced the following nine measures: wearing a facemask, wearing gloves, washing hands with soap, washing hands for at least 20 s, staying at home, avoiding crowded spaces, keeping 1.5 m distance, washing clothes upon returning home, and reducing public transportation use. For each measure, one point was assigned when a participant practiced the measure, while 0 was assigned when he did not.



Explanatory variables

Seven explanatory variables were considered in this secondary data analysis: sex, health district, age, education, household average monthly income, occupation, and religion.





Statistical analyses

We used STATA 15.1 (Stata Corp LLC, College Station, TX, United States) for data analysis. Proportions were used to summarize categorical variables while the median with the interquartile range was used to summarize continuous variables. The knowledge, attitude, and practice were summarized by transforming the point scale to percentages and categorized using Bloom’s cut-off-points as good/positive (80–100%), moderate/neutral (60–70%), and poor/negative (less than 60%) (14). Associations between outcomes and explanatory variables were assessed using logistic regression.

For logistic regression analyses, knowledge, attitude and practice were further categorized into two groups by considering percentages above 60 as good/positive and percentages below 60 as poor/negative. Similarly, the perception was classified as good if a respondent thought that COVID-19 preventive measures efficiently limited the disease spread.

Differences between groups were assessed using the Fisher’s Exact test or the paired t-test. We considered a p-value of <0.05 statistically significant.




Results


Sociodemographic characteristics

Overall, 1,269 adult participants from 444 households were included in the secondary data analysis, of which 57.8% (733/1,269) were recruited from the Matadi health district and 42.2% (536/1,269) from the Nzanza health district. One participant out of six was female (61.0%). The median age was 36 (interquartile range 24–50). Participants aged 18 to 28 represented one-third of the respondents (34.4%). More than half participants (54.2%) had achieved secondary education, whereas 5.9% had no formal education and nearly one-fifth (19.6%) had university-level education. Most participants (91.7%) lived in households with a monthly average income between US $ 1 and 250. Nearly nine participants in 10 (87.5%) were Christian (Table 1).



TABLE 1 Sociodemographic characteristics of study participants.
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Knowledge of government-related COVID-19 preventive measures

Three respondents in four (75.6%) had good knowledge. In contrast, nearly one-fifth (19.8%) had poor knowledge and 4.6% had average knowledge. Most respondents heard about the COVID-19 vaccine (76.8%) and only 36.3% knew the location of the nearest COVID-19 testing center. Regarding specific knowledge questions, at least 80% of respondents knew COVID-19 preventive measures recommended by the government, though nearly four respondents in 10 (38.9%) did not recognize lockdown as one of these measures (Table 2).



TABLE 2 Participants’ knowledge of government-related COVID-19 preventive measures.
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The multivariable analysis of data revealed that being 40–49 years of age and having a vocational education were associated with good knowledge. Respondents 40–49 years of age had 75% increased odds of having a good knowledge than those 18–28 years of age (AOR 1.75, 95% CI 1.07–2.87, p = 0.025). Similarly, the odds of having good knowledge were twice as high among respondents with a vocational education than those with no formal education (AOR 2.06, 95% CI 1.01–4.21, p = 0.047; Table 3).



TABLE 3 Factors associated with participants’ knowledge of government-related COVID-19 preventive measures.
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Perception of government-related COVID-19 preventive measures efficiency

Overall, 45.0% of respondents perceived the government’s COVID-19 preventive measures as efficient in limiting the spread of COVID-19 in DRC. Nearly 39% of respondents perceived these measures as somewhat efficient, 10.9% were unsure, and 5.2% thought they were inefficient. Respondents from the Nzanza health district were 43% less likely to perceive COVID-19 preventive measures as efficient than respondents from the Matadi health district (AOR 0.57, 95% CI 0.44–0.74, p = 0.000; Table 4). Similarly, respondents with primary, secondary, vocational, and university education were, respectively, 53% (AOR 0.47, 95% CI 0.25–0.90, p = 0.023), 56% (AOR 0.44, 95% CI 0.26–0.77, p = 0.004), 78% (AOR 0.22, 95% CI 0.11–0.42, p = 0.000) and 57% (AOR 0.43, 95% CI 0.24–0.79, p = 0.006) less likely to perceive COVID-19 preventive measures as efficient than respondents with no formal education. However, we observed a trend toward increased odds of perceiving preventive measures as efficient with household average monthly income. Respondents from households with an average monthly income of US $ 51–250, US $ 251–500, and US $ 501–1,000 were, respectively, 1.7 (AOR 1.74, 95% CI 1.35–2.24, p = 0.000), 3.8 (AOR 3.89, 95% CI 2.29–6.64, p = 0.000), and 54.2 times (AOR 54.2, 95% CI 7.12–413, p = 0.000) more likely to perceive COVID-19 preventive measures as efficient than respondents from households with an average monthly income of US $ 1–50 (Table 4). Similarly, respondents with good knowledge were twice as likely to perceive preventive measures as efficient (AOR 2.49, 95% CI 1.82–3.43, p = 0.000). Regarding respondents’ occupation, students (AOR 1.79, 95% CI 1.07–3.01, p = 0.026) and public servants (AOR 2.28, 95% CI 1.06–4.93, p = 0.035) were more likely to perceive COVID-19 preventive measures as efficient than unemployed respondents.



TABLE 4 Factors associated with participants’ perception of government-related COVID-19 preventive measures efficiency.
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Attitude toward COVID-19

Almost 40% of respondents had a positive attitude, while 36.6% had a negative attitude, and 23.5% had a neutral attitude toward the assessed COVID-19 preventive measures. More than half of respondents (54.5%) were willing to get a COVID-19 test if they experienced flu-like symptoms, while only 40.2% were willing to get the COVID-19 vaccine (Table 5). We found a trend toward increased odds of positive attitude regarding COVID-19 preventive measures with age. Respondents aged 29–39 years, 40–49 years, and more than 50 years were, respectively, 1.5 (AOR 1.50, 95% CI 1.04–2.19, p = 0.031), 2.1 (AOR 2.07, 95% CI 1.39–3.08, p = 0.000) and 2.4 times (AOR 2.38, 95% CI 1.62–3.50, p = 0.000) more likely to have a positive attitude than those 18–28 years of age (Table 6). Similarly, respondents with good knowledge were 55% more likely to have a good attitude (AOR 1.55, 95% CI 1.15–2.08, p = 0.003). However, respondents with primary or vocational education were less likely to have a positive attitude than respondents with no formal education. They had, respectively, 54 and 59% decreased odds of positive attitude (AOR 0.46, 95% CI 0.24–0.91, p = 0.025 and AOR 0.41, 95% CI 0.21–0.80, p = 0.009).



TABLE 5 Participants’ attitudes toward COVID-19 preventive measures.
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TABLE 6 Factors associated with participants’ attitude toward COVID-19 preventive measures.
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Practice of government-related COVID-19 preventive measures

Most respondents (80.8%) had poor practice, whereas only 5.8% had good practice of COVID-19 preventive measures when the survey was conducted. Compared to early phases of the pandemic, facemask wearing was still the most practiced preventive measure at the time of data collection despite a slight decrease. The proportion of respondents practicing measures such as staying at home, avoiding crowded spaces, keeping a 1.5 m distance, washing clothes upon returning home, or reducing the use of public transportation decreased by nearly half at the time of data collection than during early phases of the pandemic (Table 7). The mean practice score during the survey period (3.22 ± 2.28) was lower as opposed to earlier phases of the pandemic (4.63 ± 2.51), with a statistically significant decrease in score of 1.40 (95% CI 1.25–1.55, p < 0.000).



TABLE 7 Participants’ practice of government-related COVID-19 preventive measures.
[image: Table7]

Regarding COVID-19 vaccination status, only 18/1,269 (1.4%) respondents had received at least one dose of vaccine, most of whom were healthcare workers 8/18 (44.4%).

The multivariable analysis showed that respondents from the Nzanza health district were 43% less likely to practice COVID-19 preventive measures than those from the Matadi health district (AOR 0.57, 95% CI 0.41–0.81, p = 0.002; Table 8). Similarly, students were 53% less likely to practice COVID-19 preventive measures than unemployed respondents (AOR 0.47, 95% CI 0.24–0.95, p = 0.034). On the contrary, respondents with primary education were twice as likely to practice COVID-19 preventive measures than those without formal education (AOR 2.77, 95% CI 1.21–6.38, p = 0.016). Respondents living in households with an average monthly income of US $ 51–250 were nearly twice as likely to practice COVID-19 preventive measures than respondents from households with an average monthly income of US $ 1–50 (AOR 1.79, 95% CI 1.28–2.52, p = 0.001).



TABLE 8 Factors associated with participants’ practice of COVID-19 preventive measures.
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Regarding the influence of knowledge, attitude, and perception on practice, respondents with good knowledge, positive attitude or good perception were, respectively, 12.5 (AOR 12.5, 95% CI 5.41–28.8, p = 0.000), 1.5 (AOR 1.48, 95% CI 1.04–2.11, p = 0.028), and 1.8 (AOR 1.81, 95% CI 1.31–2.52, p = 0.000) times more likely to practice COVID-19 preventive measures than respondents with poor knowledge, negative attitude or poor perception (Table 8).




Discussion

We conducted a cross-sectional study to assess the knowledge and perception of government-related COVID-19 preventive measures, attitudes, and practices among adult residents of Matadi and to determine associated factors. Our results indicate that 75.6% of respondents had good knowledge of the assessed COVID-19 preventive measures. Studies conducted in Ethiopia and Uganda earlier during the pandemic reported similar results (14, 21, 22). However, this finding is slightly lower than one could expect since the study was conducted by the end of the third epidemic wave after several awareness campaigns on COVID-19 prevention were implemented by the local COVID-19 response team. A high proportion of respondents (76.8%) had heard about the COVID-19 vaccine nearly 5 months after the vaccination campaign started, highlighting the effectiveness of awareness campaigns on vaccines as a pillar for COVID-19 prevention. Conversely, only 36.3% of respondents knew the nearest COVID-19 testing center. This result underscores the poor health service utilization resulting from limited testing capacities, the stigma and misconception about COVID-19.

The likelihood of good knowledge of preventive measures increased with age, especially for respondents aged 40–49. This is consistent with studies conducted in Ethiopia, Spain, and Uganda, where older age was associated with good knowledge (14, 21–23). Respondents aged at least 40 are more likely to be exposed to information and have the adequate background to process it, partly because they might have experienced or heard of previous outbreaks. Similarly, the likelihood of good knowledge increased with education level, especially for respondents with vocational training. Several studies have reported a similar trend (13, 14, 21, 22). People with high education level know how critical information is and are more exposed to information through various channels (e.g., social media, websites, community events) either passively or actively.

Government-related preventive measures were perceived as efficient by 45.0% of respondents. Similar results have been reported in other countries, with slight variations depending on the level of trust in governments and public hospitals (24–26). However, in our study, the more respondents were educated, the less likely they perceived government measures as efficient. A study in 12 Latin American countries reported consistent results (27). The odds of perceiving preventive measures as efficient increased with the household average monthly income and being a student or public servant. Similarly, a multi-country study found that individuals from higher socioeconomic or educational status were less likely to have misperceptions about COVID-19 and government-related interventions (28). Our study population’s sociodemographic and cultural characteristics can explain the observed differences. Several approaches may improve the population’s perception, such as delivering clear, simple, positive, and consistent preventive messages using visual aids and several channels to reach a wider audience.

Regarding attitudes toward preventive measures, only 40% of respondents had a positive attitude. Similar results have been reported in DRC and Ethiopia (13, 15). Conversely, other studies in Ethiopia and Uganda reported nearly twice the proportion of respondents with a positive attitude (21, 22). Differences could be explained by respondents’ relatively higher education level and the study period. Studies reporting higher proportions of positive attitudes were conducted earlier during the pandemic when stringent public health measures were in place, and the fear of getting infected was high. Our study was conducted after three epidemic waves were recorded in DRC, with decreasing case fatality rates and thus decreasing perception of risk (29). There was a trend of reduced odds of positive attitude with education level especially for respondents with primary or vocational education. This is in line with a previous study conducted in DRC, which reported lower adherence to preventive measures among respondents with low education levels (13). These groups should be particularly targeted with tailored messages convened by peers. As reported by other studies, we found a trend toward increasing odds of positive attitude with age (15, 30). As for knowledge, the older the respondent gets, the more he is exposed to information, and the more likely his attitude will be positive.

Respondents willing to get COVID-19 vaccinated represented 54.5%. A previous study conducted a year earlier in seven provinces of the DRC reported COVID-19 vaccine acceptance rates of 55.9 and 52.0%, respectively, for all study sites and the Kongo Central province (16). Vaccine acceptance rates seemed not to have changed as the fear arising from the lack of local data on safety, rumors and conspiracy theories continued to prevail. In contrast, a longitudinal study across four waves in South Africa revealed that only 6.6% of respondents remained firmly vaccine-hesitant between survey waves (31). The large-scale vaccine rollout in health care workers contributed to sustaining respondents’ willingness to get vaccinated across survey waves despite blood clotting issues reported after the vaccination rollout (31). Our survey was conducted about 2 months after the launch of the vaccination campaign in Matadi, which started with healthcare workers as a strategy to increase population trust while protecting frontline workers. In fact, only 1.4% (18/1,269) of respondents had received at least one dose of the COVID-19 vaccine, with healthcare workers representing 44% (8/18). However, by the end of 2022, less than 4% of the DRC population had been fully vaccinated (32). Vaccine hesitancy, external aid-dependent supply, and logistic challenges have contributed to sustaining poor vaccination coverage (32). Additionally, population perception of risk has decreased over epidemic waves due to decreasing case fatality from 5.1% during the first wave to 0.9% during the fourth wave (29). Context-specific risk communication and community engagement strategies are needed for effective vaccine rollout or any other epidemic control intervention. Research and development capacities should be strengthened in African countries to cope with dependency on external supply and provide critical products that will be financially accessible and socially accepted.

Eight respondents out of 10 (80.8%) poorly practiced preventive measures. Higher proportions of respondents with better practice patterns have been reported in several studies (14, 15, 21, 22, 30). Studies reporting better practice patterns were conducted earlier during the pandemic when stringent preventive measures were in place and enforced by the law. In fact, compared to the pandemic’s early phases, our study’s mean practice score significantly decreased by 1.40. Furthermore, the proportion of respondents still practicing the assessed preventive measures decreased by half compared to the early phases of the pandemic, except for facemask wearing that nearly nine respondents out of 10 still practiced after the third epidemic wave. This finding could also reflect the progressively decreasing availability and accessibility to critical prevention resources such as masks, hand sanitizers, vaccines or testing kits. Surprisingly, respondents with a primary education level were twice as likely to practice preventive measures. Although some studies have reported an association between a higher level of education and higher odds of preventive measures practice (33, 34), a study conducted in Spain found results consistent with ours (23). Respondents with higher education may have been overloaded with information about COVID-19, causing pandemic fatigue and decreasing interest in practicing preventive measures. Therefore, preventive messages should be adapted over time to account for the long-lasting epidemic’s social and mental impact. We found that students were 53% less likely to practice preventive measures than unemployed respondents. Younger individuals and students have been disproportionately affected by COVID-19 through its impact on their daily lives and social interactions (35, 36). The frustration and psychological distress arising from prolonged restrictive measures may have contributed to decreasing their adherence to preventive measures in the long run. Youth-friendly support programs could address this issue and increase adherence to preventive measures during future epidemics. Respondents with a good knowledge of preventive measures were 12 times more likely to practice them. Similarly, respondents with a good attitude toward preventive measures were 48% more likely to practice them. This finding is in keeping with results from other studies reporting good knowledge and good attitude as determinants of good practice (15, 22, 23).

Our results revealed that although most respondents had good knowledge of COVID-19 preventive measures, they did not perceive them as efficient in controlling the disease spread, resulting in negative attitudes and poor practices. Noncompliers were mainly young, educated and with a lower socio-economic status. Noncompliance with COVID-19 preventive measures is a multifaceted concept with social, economic, psychological and political determinants. As previously reported, participants in this study failed to comply with recommendations, most likely due to pandemic fatigue and the exacerbation of pre-existing socioeconomic inequities and disparities (37). The latter may not have facilitated the emergence of social identity and accountability necessary for a collective response (38). Moreover, most respondents had lowered perceptions of risk because of the decreasing case fatality over epidemic waves and distrust of the government as a result of growing beliefs in conspiracy theories, especially on COVID-19 vaccines (38, 39). Finally, the decreasing availability and accessibility to critical tools and interventions for compliance (face masks, hand sanitizers, etc.) might have strengthened skepticism among residents. These determinants should be considered to enhance compliance and develop tailored and efficient countermeasures for future emergencies.

Our study has the merit of a robust sampling frame that yielded a large and representative sample of adult residents from Matadi. As such, it provides evidence supporting the need for adjusting current and future epidemic control strategies. However, respondents’ knowledge, attitude, practice, and perception patterns may have been rapidly evolving during the pandemic course, making the study’s cross-sectional design not optimal to capture trends over time and further elucidate the cause-effect relationship between the assessed variables. There may have been respondent bias through either exaggeration of answers or information retainment, especially for government-related questions. Finally, although logistic regression could accurately predict factors associated with good knowledge, positive attitude, good practice and good perception, other more robust machine learning techniques could have generated predictors of compliance to government preventive measures with more accuracy and precision as reported by some studies (40–43).



Conclusion

Our study has shown that by the end of the third COVID-19 epidemic wave, Matadi residents had a high level of knowledge, a good perception of government-related COVID-19 preventive measures, a moderately positive attitude and an extremely low level of good practice. Age, education level, health district, profession, average household monthly income, good knowledge, positive attitude, and good perception were identified as main determinants. Despite the moderate adherence to vaccination as a pilar for COVID-19 control, vaccine uptake was extremely low. These results underscore the need to develop and implement context-based and risk group-specific communication and community engagement strategies to respond more efficiently to future outbreaks. These strategies should include refining messages considering emotions, values, and beliefs, fostering discussions and community activities such as showcasing positive role models. As the COVID-19 response is moving from emergency to control, and variants of concern with the potential of resisting previously acquired protection are still emerging, tailored and targeted interventions are needed more than ever to sustain the current disease control. Lessons learned from the current epidemic will improve preparedness and response to future outbreaks.
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Variables Attitude
(N =1,269)

Positive, n (%)  Negative, n (%)

Female 774 467 (60.3) 307 (39.7) 1 1
Male 495 338 (68.3) 157 (31.7) 141 (1.12-180) 0.004 117 (0.89-1.53) 0.240

Health district

Matadi 733 452(61.7) 281 (38.3) 1 1

Neanza 536 353 (65.9) 183 (34.1) 120 (0.95-151) 0.126 1.08 (0.84-1.41) 0.508
Age group in years

18-28 437 240 (54.9) 197 (45.1) 1 1

29-39 274 170 (62.0) 104 (38.0) 134 (0.99-183) 0.062 150 (1.04-2.19) 0.031

40-49 248 171 (68.9) 77 (31.1) 1.82(131-253) 0.000 2,07 (1.39-3.08) 0.000

>50 310 224(723) 86 (27.7) 214 (157-2.92) 0.000 2.38 (1.62-3.50) 0.000
Education

No formal education 75 55(733) 20(26.7) 1 1

Primary m 65(58.6) 46 (41.4) 0.51(0.27-0.97) 0.040 0.46 (0.24-0.91) 0.025

Secondary 688 421(61.2) 267 (38.8) 0.57(0.34-0.97) 0.041 057 (0.32-1.01) 0.054

Vocational 146 83(569) 63 (43.1) 0.48 (0.26-0.88) 0.018 0.41(0.21-0.80) 0.009

University 249 181 (72.7) 68(27.3) 0.97(0.54-1.73) 0913 0.89 (0.47-1.67) 0725

Household average monthly income (US $)

1-50 495 310(62.6) 185 (37.4) 1 1
51-250 669 420 (62.8) 249 (37.2) 1.00 (0.79-1.28) 0957 0.89 (0.69-1.15) 0.386
251-500 79 49 (62.0) 30(38.0) 0.97 (0.60-1.59) 0918 0.82 (0.49-1.38) 0450
501-1,000 26 26 (100.0) 0(0.0)
Occupation
Unemployed 134 83(619) 5138.1) 1 1
Housewife 240 134 (55.8) 106 (44.2) 0.78 (0.50-1.20) 0252 0.85 (0.53-1.36) 0.490
Student 231 139 (60.2) 92(39.8) 0.93 (0.60-1.44) 0739 1.37 (0.83-2.27) 0.215
Public servant 40 32(80.0) 8(20.0) 2.46 (1.05-5.75) 0.038 1.82 (0.75-4.44) 0.183
Private sector 403 259(64.3) 144 (35.7) 111 (0.74-1.66) 0.627 1.15 (0.75-1.79) 0515
Healthcare worker 221 158 (71.5) 63(28.5) 1.54(0.98-2.43) 0.062 1.28 (0.77-2.12) 0.344
Religion
Christian 1110 714 (64.3) 396 (35.7) ¥ 1
“Traditional 115 69 (60.0) 46 (40.0) 0.83 (0.56-1.23) 0.359 0.99 (0.66-1.49) 0.968
Other 44 22(50.0) 22(50.0) 0.55 (0.30-1.01) 0.056 0.56 (0.29-1.06) 0.073
Knowledge
Poor. 251 134 (53.4) 117 (46.6) 1 1

Good 1018 671(65.9) 347 (34.1) 169 (1.27-223) 0.000 1.5 (1.15-2.08) 0.003
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Variables Knowledge
(N =1,269)

Good, n (%) Poor, n (%)

Female 774 602 (77.8) 172(22.2) 1 1

Male 495 416 (84.0) 79(16.0) 150 (1.12-2.02) 0.007 129 (0.94-1.80) 0114
Health district

Matadi 733 574 (78.3) 159 (21.7) 1 1

Neanza 536 444 (82.8) 92(17.2) 134 (1.01-1.78) 0.046 1.23 (0.90-1.67) 0191

Age group in years

18-28 437 350 (80.1) 87(19.9) 1 1
29-39 274 205 (748) 69(25.2) 0.74 (0.52-1.06) 0.099 0.89(0.58-1.37) 0599
40-49 248 213(859) 35 (14.1) 151 (099-2.32) 0.038 1.75 (1.07-2.87) 0025
>50 310 250 (80.6) 60 (19.4) 104 (0.72-149) 0851 114 (0.73-1.78) 0562

Education
No formal education 75 52(69.3) 23(307) 1 1
Primary 1 88(79.3) 23(207) 169 (0.86-331) 0125 1.6 (0.82-3.35) 0156
Secondary 688 545 (79.2) 143 (208) 169 (0.99-2.84) 0.051 1.50 (0.85-2.64) 0158
Vocational 146 123 (843) 23(157) 236 (1.21-4.58) 0011 2,06 (1.01-4.21) 0047
University 249 210(843) 39(157) 238 (1.31-4.33) 0.004 1.80 (0.93-3.47) 0079

Household average monthly income (US $)

1-50 495 399 (80.6) 96 (19.4) 1 1

51-250 669 528 (78.9) 141211 0.90(0.67-1.20) 0.481 0.83(0.62-1.12) 0230

251-500 79 67(84.8) 12(152) 134 (0.69-2.58) 0376 117 (0.59-231) 0.642

501-1,000 2 24(923) 207 289 (067-124) 0.155 245 (055-109) 0240
Occupation

Unemployed 134 102(76.1) 32239 1 1

Housewife 240 186 (77.5) 54(22.5) 1.08 (0.66-1.78) 0.761 0.99(0.57-169) 0958

Student 231 192 (83.1) 39(169) 154 (0.91-2.61) 0.105 147 0.81-2.67) 0207

Public servant 40 36(90.0) 4(10.0) 282 (093-8.54) 0.066 212(0.68-6.67) 0.197

Private sector 403 312(77.4) 91(22.6) 108 (0.68-1.71) 0.756 0,96 (0.59-1.58) 0.883

Healthcare worker 21 190 (85.7) 31(140) 192(111-3.33) 0020 141(0.77-257) 0.262
Religion

Christian 1110 904 (81.4) 206 (18.6) 1 1

Traditional 115 84(73.0) 31(270) 0,62 (0.39-096) 0.098 0.68 (0.43-1.07) 0098

Other 44 30/(68.2) 14(31.8) 0.49 (0.25-0.94) 0.057 0.51(0.26-1.02) 0057
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Variables Perception
(N =1,269)

Good, n (%) Poor, n (%)

Female 774 336 (43.4) 438 (56.6) 1 1

Male 495 235 (47.5) 260 (52.5) 118 (0.94-1.48) 0.156 101 (0.77-1.31) 0951
Health district

Matadi 733 358 (48.8) 375 (51.2) 1 1

Neanza 536 213 (39.7) 323 (603) 0.69 (0.55-0.87) 0.001 0.57 (0.44-0.74) 0.000

Age group in years

18-28 437 189 (43.3) 248 (56.7) 1 1
29-39 274 121(44.2) 153 (55.8) 1.04(0.76-1.41) 0812 1.08 (0.73-1.60) 0681
40-49 248 113 (45.6) 135 (54.4) 1.09 (0.80-1.50) 0558 119 (0.80-1.79) 0381
>50 310 148 (47.7) 162 (52.3) 1.20 (0.89-1.60) 0224 131 (0.89-1.94) 0.162

Education
No formal education 75 45 (60.0) 30 (40.0) 1 1
Primary 1 52(46.8) 59(53.2) 0.59 (0.32-1.06) 0.079 047 (0.25-0.90) 0023
Secondary 688 306 (44.5) 382(55.5) 0.53 (0.33-0.87) 0011 0.44(0.26-0.77) 0.004
Vocational 146 47 (322) 99 (67.8) 0.32(0.18-0.56) 0.000 022(0.11-0.42) 0.000
University 249 121 (48.6) 128 (51.4) 0.63 (0.37-1.06) 0.085 043 (0.24-0.79) 0.006

Household average monthly income (US $)

1-50 495 171 (34.5) 324 (65.5) 1 1

51-250 669 321 (48.0) 348 (52.0) 1.75(1.37-2.22) 0.000 1.74(1.35-2.24) 0.000

251-500 79 54 (68.4) 25(31.6) 4.09 (2.46-6.81) 0.000 3.89(2.29-6.64) 0.000

501-1,000 26 25(96.2) 1(38) 47.4(6.36-352) 0.000 54.2(7.12-413) 0.000
Occupation

Unemployed 134 56(41.8) 78 (582) 1 1

Housewife 240 86(35.8) 154 (64.2) 0.78 (0.50-1.20) 0.255 1.13 (0.69-1.84) 0.624

Student 21 113 (489) 118 (51.1) 1.3 (0:87-2.04) 0189 179 (1.07-3.01) 0026

Public servant 40 23(57.5) 17 (42.5) 1.88 (0.92-3.85) 0.082 2.28(1.06-4.93) 0.035

Private sector 403 181 (44.9) 222(55.1) 113 (0.76-1.69) 0.528 1.37(0.88-2.14) 0.154

Healthcare worker 221 112(50.7) 109 (49.3) 1.43(0.93-2.21) 0.105 1.58 (0.96-2.61) 0.072
Religion

Christian 1,110 493 (44.4) 617 (55.6) 1 1

“Traditional 115 59(51.3) 56 (48.7) 1.32(0.89-1.94) 0.158 1.47 (0.97-2.24) 0.068

Other 4“4 19(432) 25(56.8) 0.95 (0.52-1.75) 0.872 1.04 (054 2.01) 0.906
Knowledge

Poor. 251 74(29.5) 177 (70.5) 3 3

Good 1018 497 (48.8) 521 (51.2) 228 (1.69-3.07) 0.000 249 (1.82-3.43) 0.000
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Practice questions (N =1,269) Practiced during the early phases of the Practiced during the survey period
Are you practicing any of the pandemic
following government

recommendations to stop the
spread of COVID-19?

Facemask wearing

No 57 45 165 13.0

Yes 1212 955 1,104 87.0
Gloves wearing

No 1,105 87.1 1168 92.0

Yes 164 129 101 8.0
Hand washing with soap

No 291 229 406 320

Yes 978 771 863 680
Hand washing at least 205

No 419 33.0 534 421

Yes 850 67.0 735 57.9
Staying at home

No 691 54.5 1,009 79.5

Yes 578 455 260 205
Avoiding crowded spaces

No 595 46.9 923 727

Yes 674 53.1 346 27.3
Keeping 1.5 m distance from each other

No 584 46.0 898 70.8

Yes 685 54.0 371 292
Washing clothes upon returning home

No 979 772 1,127 88.8

Yes 290 228 142 1.2
Reducing the use of public transportation

No 821 64.7 1,093 86.1

Yes 448 353 176 139
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Variables Practice
(N =1,269)

Good, n (%) Poor, n (%)

Female 774 155 (20.0) 619 (80.0) 1 1

Male 495 89(18.0) 406 (82.0) 0.87 (0.65-1.17) 0367 0.83(0.59-1.17) 0290
Health district

Matadi 733 162 (22.1) 571(77.9) 1 1

Neanza 536 82(153) 454 (84.7) 0.64 (0.47-0.85) 0.003 057 (0.41-0.81) 0.002

Age group in years

18-28 437 63 (14.4) 374 (85.6) 1 1
29-39 274 42(153) 232(847) 107 (0.70-1.64) 0.739 0.87(0.51-1.48) 0612
40-49 248 59(23.8) 189 (76.2) 185 (1.25-2.75) 0.002 115 (0.69-1.92) 0588
>50 310 80(25.8) 230 (74.2) 2,06 (1.43-2.98) 0.000 140 (0.85-2.29) 0192

Education
No formal educ: 75 12(16.0) 63 (84.0) 1 1
Primary 1 41(36.9) 70 (63.1) 3.07 (1.48-6.37) 0.002 2.77(1.21-6.38) 0016
Secondary 688 119(17.3) 569 (82.7) 109 (0.57-2.09) 0777 131 (0.62-2.79) 0481
Vocational 146 20(137) 126 (86.3) 0.83 (0.38-1.81) 0.646 0.80 (0.32-1.98) 0634
University 249 52(20.9) 197 (79.1) 138 (0.69-2.76) 0353 146 (0.64-3.30) 0368

Household average monthly income (US $)

1-50 495 72(145) 423 (85.5) 1 1

51-250 669 161 (24.1) 508 (75.9) 1.86 (1.37-2.52) 0.000 1.79 (1.28-2.52) 0.001

251-500 79 8(10.1) 71(89.9) 0.66 (0.31-1.43) 0.295 0.4 (0.19-1.00) 0.051

501-1,000 26 3(115) 23(885) 0.77 (0.22-2.62) 0.671 0.57 (0.16-2.13) 0.409
Occupation

Unemployed 134 32(239) 102 (76.1) 1 1

Housewife 240 52(21.7) 188 (78.3) 0.88 (0.53-1.46) 0.623 1.02 (0.56-1.85) 0942

Student 21 28021) 203 (87.9) 0.44(025-077) 0.004 047 (0.24-095) 0034

Public servant 40 7(17.5) 33(825) 0.67 (0.27-1.67) 0398 0.46 (0.17-1.24) 0.125

Private sector 403 72(17.9) 331(82.1) 0.69 (0.43-1.11) 0.128 0.65(0.38-1.13) 0.132

Healthcare worker 221 53(24.0) 168 (76.0) 1.01 (0.61-1.66) 0.983 1.03 (0.56-1.88) 0.931
Religion

Christian 1110 222(20.0) 888 (80.0) 1 1

“Traditional 115 18(15.6) 97 (84.4) 0.74 (0.44-1.25) 0.265 067 (0.37-1.19) 0.177

Other 44 49.1) 40 (90.9) 0.40 (0.14-1.12) 0.084 0.43 (0.14-1.33) 0.143
Knowledge

Poor. 251 6(24) 245 (97.6) 3 3

Good 1,018 238(23.4) 780 (76.6) 124 (5.47-28.4) 0.000 12,5 (5.41-28.8) 0.000
Perception

Poor. 698 93(13.3) 605 (86.7) 3 3

Good 571 151 (26.4) 420(73.6) 2.34(1.76-3.12) 0.000 1.81(1.31-2.52) 0.000
Attitude

Negative 464 63 (13.6) 401 (86.4) 3 3

Positive 805 181(22.5) 624(77.5) 185 (1.35-2.52) 0.000 148 (1.04-2.11) 0028
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Variables (N =1,269) %

Sex
Female 774 610
Male 495 390
Health district
Matadi 733 578
Nzanza 536 422
Age group in years 36 24-50
18-28 437 344
29-39 274 216
40-49 28 195
>50 310 244
Education
No formal education 75 59
Primary m 88
Secondary 688 542
Vocational 146 s
University 249 196

Household average monthly income (US $)

1-50 495 390
51-250 669 527
251-500 79 62
501-1,000 26 21

Oceupation
Unemployed 134 106
Housewife 240 189
Student 231 182
Public servant 40 32
Private sector 403 318
Healthcare worker 21 174

Religion
Christian L0 875
Traditional 115 9.1
Other 44 35

*IQR: Interquartile range
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Knowledge questions
(N =1,269)

Have any of the
following measures

been recommended by
the government to stop
the spread of
COVID-19?

Facemask wearing
No
Yes
Quarantine
No
Yes
Lockdown
No
Yes
Closure of public areas

No

jon of mass gatherings

Yes
Limitation of public transportation use
No

Yes

53

1216

69

1200

218

1051

493

776

205

1,064

251

1018

252

1017

42

958

54

94.6

172

828

389

611

16.1

839

19.8

802

199

80.1





